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1. 
ABSTRACT 
The t h e o r e t i c a l  p r o p e r t i e s  of a band-pass f i l t e r  'which c o n s i s t s  of  
a s i n g l e  meta l  l a y e r  surroundedla  % s t a c k  of  d i e l e c t r i c  f i l m s  ( i , e .  a 
"1-M" f i l t e r )  was i n v e s t i g a t e d ,  Graphs were prepared  which p r e d i c t  
t he  performance of  such a f i l t e r ,  i n  terms of parameters  such as 
the m a x i m u m  t r ansmi t t ance ,  width of t h e  s p e c t r a l  t r ansmi t t ance  band, 
and t h e  c o n t r a s t .  Once the  th i ckness  and o p t i c a l  c o n s t a n t s  of t h e  
meta l  f i l m  a r e  known, t h e  parameters  mentioned i n  t h e  fo rego ing  para-  
graph c a n  be determined. The experimental  work inc luded  t h e  com- 
p l e t i o n  of t h e  e l e c t r o n i c  c i r c u i t r y  f o r  t h e  f a s t - s h u t t e r i n g  appara tus  
f o r  t h e  r a p i d  evapora t ion  of t he  aluminum. A 1-M f i l t e r  was con- 
s t r u c t e d ,  u s ing  t h e  1849A of Hg as a moni tor ing  wavelength. 
The work which was accomplished du r ing  t h e  p rev ious  s i x  months 
i s  i n  two major  a reas :  
(1) The t h e o r e t i c a l  work which appeared i n  t h e  Ph.D. t h e s i s  
of Dr. Verne R.  Cos t ich ,  which was completed i n  June,  1965, 
( 2 )  The exper imenta l  work on t h e  p roduc t ion  of f i l t e r s ,  which 
inc luded  the  i n s t a l l a t i o n  of t h e  new mercury d i scha rge  
lamp f o r  o p t i c a l  monitoring. Also, work progressed  on 
t h e  i n s t a l l a t i o n  of  the "automatic" s h u t t e r  t o  t e rmina te  
t h e  evapora t ion  of  aluminum. 
Each  of t h e s e  programs a r e  d iscussed  s e p a r a t e l y .  
&l-lJjlc\ 
THEORETICAL STUDY OF THE 1 - M  BAND-PASS FILTER 
Most o f  ou r  e f f o r t s  have been devoted t o  t h e  s t u d y  of a r a t h e r  s p e c i a l  
type  o f  band-pass f i l t e r ,  the "1-MI' f i l t e r .  As shown i n  Figure  1, 
i t  c o n s i s t s  of a t h in  metal  w h i c h  i s  surrounded on e i t h e r  s i d e  by 
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s t a c k s  of d i e l e c t r i c  f i l m s .  This f i l t e r  i s  i d e a l l y  s u i t e d  as an 
u l t r a v i o l e t  band-pass f i l t e r  f o r  s e v e r a l  reasons:  
(1) I t  has a r e l a t i v e l y  narrow b a n d - w i d t h .  
( 2 )  I t  has good t'blockingtf - i . e .  low t r a n s m i s s i o n  a t  
l o n g e r  wavelengths.  
I n  our  p rev ious  work, we have only been concerned w i t h  t h e  use of 
aluminum as the  metal f i l m .  Indeed, a l l  o f  ou r  c a l c u l a t i o n s  and 
exper imenta l  work have on ly  used aluminum. The q u e s t i o n  a r i s e s :  I s  
i t  p o s s i b l e  t o  p r e d i c t  t h e  performance o f  metals o t h e r  than aluminum? 
GENERALIZATION OF THE STUDY 
There a r e  s e v e r a l  r easons  why i t  i s  d e s i r a b l e  t o  expend t h e s e  concepts  
s o  that  t h e y  a r e  moregeneral  and n o t  confined t o  a s i n g l e  metal .  
There a r e  s e v e r a l  q u e s t i o n s  t o  be answered, such as: 
(1) I s  aluminum the  bes t  metal  t o  be used i n  a "1-M" band- 
pas s  f i l t e r  i n  this u l t r a v i o l e t  s p e c t r a l  reg ion?  
( 2 )  Are t h e r e  o t h e r  meta ls  which could be used o t h e r  than 
aluminum? 
I n  answering t h e  l a t t e r  ques t ion ,  t h e r e  i s  no r eason  why we 
could n o t  use t h e s e  concepts  t o  des ign  u l t r a v i o l e t  band-pass f i l t e r s  
of t h e  "1-M" type which would f u n c t i o n  a t  wavelengths down i n t o  t h e  
SOOA region!  To do this,  of  course ,  we must s e l e c t  the p rope r  o p t i c a l  
materials f o r  t he  band-pass f i l t e r .  The t h e o r e t i c a l  d i s c u s s i o n  i n  
t h e  fo l lowing  paragraphs  can  be used t o  determine whether such a 
f i l t e r  could be devised and what i t s  p r o p e r t i e s  would be. 
PARAMETERS WHICH DESCRIBE A "1-MI '  FILTER 
There a r e  t h r e e  parameters  which a r e  u s e f u l  i n  d e s c r i b i n g  the  pro-  
p e r t i e s  of a t t l - M t *  f i l t e r .  These a re :  (1) Tmm, the m a x i m u m  
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t r ansmi t t ance .  ( 2 )  The "Q" o f  the f i l t e r  which i s  r e l a t e d  t o  
narrowness of t h e  pass-band. 
where A ,  i s  t h e  wavelength o f  the maximum t r a n s m i s s i o n  and A A 
i s  t h e  t o t a l  w i d t h  of t h e  pass-band a t  one-half  T,,. 
"Q", t h e  narrower i s  the  pass-band o f  t he  f i l t e r .  ( 3 )  The c o n t r a s t ,  
which i s  a measure of t he  e f f e c t i v e n e s s  of t h e  f i l t e r  a t  r e j e c t i n g  
The "Q" i s  def ined  as: Q = A o / A  
The l a r g e r  
the  wavelength r e g i o n  away from the pass-band. We def ine  t h e  c o n t r a s t  
as: 
where Tmax has  been def ined p rev ious ly  and T1 i s  the  t r a n s m i t t a n c e  
o f  the  meta l  f i l m  w i t h  a pure r e a l  u n i t  admit tance i n c i d e n t  medium 
a n d  s u b s t r a t e .  I n  o t h e r  words, T1 i s  the t r a n s m i t t a n c e  o f  an 
"unbacked" t h i n  f i l m  surrounded w i t h  a i r  on e i t h e r  s i d e  o f  it. O f  
course i n  p r a c t i c e  we r a r e l y  u t i l i z e  the  f i l m  under such c o n d i t i o n s ,  
b u t  n e v e r t h e l e s s  t h i s  i s  s t i l l  a u s e f u l  c r i t e r i o n .  Ac tua l ly ,  t h e r e  
i s  u s u a l l y  l i t t l e  d i f f e r e n c e  between t h e  t r a n s m i t t a n c e  of a f i l m  
which i s  surrounded by a i r  on e i t h e r  s i d e  a n d  a f i l m  which i s  cemented 
ExAMpm 
As an example, c o n s i d e r  the  p r o p e r t i e s  of t h e  "1-M" f i l t e r  dep ic t ed  
i n  F igure  2. T h i s  shows the  t r ansmi t t ance  ve r sus  wavelength of  a 
band-pass f i l t e r  which was descr ibed i n  a p rev ious  r e p o r t  . Although 
i t  i s  n o t  a p a r t i c u l a r l y  ou t s t and ing  f i l t e r ,  i t  s t i l l  s e r v e s  a s  an 
example. 
i s  8SA. The wavelength o f  t h e  maximum t r ansmi t t ance  i s  2580A, which 
means that  t h e  IfQ:? of  t h e  f i l t e r  is:  
The maximum t r ansmi t t ance  i s  19% and t h e  w i d t h  a t  QTmm 
Q = 2580/85 = 30  . 
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I t  i s  d i f f i c u l t  t o  a s c e r t a i n  where e x a c t l y  t h e  admit tance of the  
matching s t a c k  i s  1 4  j0, b u t  i t  i s  probably this  va lue  c l o s e  t o  
I 2 8 0 0 ~ ~  where T1 = 1.7%. Thus t h e  c o n t r a s t  i s  
C = 0.19/0.017 = 11 
I n  p r a c t i c e ,  we would l i k e  t o  a t t a i n  a much h i g h e r  c o n t r a s t  than this. 
A c o n t r a s t  of 100 o r  even 1000 i s  an a t t a i n a b l e  goal!  
CONTRAST VERSUS N,  K FOR METAIL F'ILMS Tmax 9 
Our goa l  i s  t o  t a b u l a t e  t he  v a l u e s  Tmm, and c o n t r a s t  f o r / g i v e n  metal  
f i l m ,  once t h e  fo l lowing  parameters  a r e  given: 
( a )  The r a t i o  of the  p h y s i c a l  t h i c k n e s s ,  d ,  of t h e  me ta l  
f i l m  t o  t he  wavelength o f  t h e  i n c i d e n t  r a d i a t i o n .  That isr 
d/  x 
( b )  The o p t i c a l  c o n s t a n t s ,  n - i k  of t he  me ta l  f i l m .  
Once t h e s e  parameters  a r e  s p e c i f i e d ,  t h e n  both  Tmax a n d  t h e  c o n t r a s t  
a r e  comple te ly  determined. The method o f  p r e s e n t i n g  such d a t a  i s  
t o  p l o t  contours  of c o n s t a n t  Tmax and c o n t r a s t  v e r s u s  n, k f o r  a 
g iven  t h i c k n e s s  wavelength r a t i o ,  d / X  . 
GRAPHS O F  Tmm, CONTRAST 
F i g u r e s  3, 4, 5 and 6 d e p i c t  contdurs  o f  b o t h  Tmax and c o n t r a s t  versus  
n, k for thickness-wavelength r a t i o s  of 0.05, 0.1, 0.15 and 0.20, 
r e s p e c t i v e l y .  As an example on how t h e s e  t a b l e s  can  be used,  l e t  us 
i n v e s t i g a t e  whether an indium f i l m  could be u t i l i z e d  i n  an "1-M" 
f i l t e r  i n  t h e  wavelength r e g i o n  near  1000A. We assume t h e  t h i c k n e s s  
of t h e  indium f i l m  i s  200A. According t o  t h e  measurements of W.R. 
Hunter , t h e  o p t i c a l  c o n s t a n t s  o f  indium a t  l O O O A  a r e  n - i k  = 
0.46 - i 0.10. Since the  th i ckness  t o  wavelength r a t i o ,  d / h  i s  
1 
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200/1000 = 0.20, we u t i l i z e  Figure 6. A t  f i r s t  g lance ,  t h e  pro-  
p e r t i e s  look  q u i t e  promising: The T i s  i n  excess  of 90%! How- 
eve r ,  a l though th i s  f i l m  has a l a r g e  T,,, t h e  c o n t r a s t  i s  q u i t e  small., 
rnax 
w i t h  P value  of approximately 1.3. Hence, t h i s  f i l m  would d e f i n i t e l y  
n o t  f u n c t i o n  w e l l  as the  me ta l  f i l m  i n  a "1-M" f i l t e r .  
VERSUS CONTRAST max ANOTHER PRESENTATION OF T 
Another convenient  method of p r e s e n t i n g  t h i s  in fo rma t ion  i s  t o  p l o t  
Tmax 
As i n  t h e  p rev ious  graphs,  the thickness-wavelength r a t i o ,  d / h  i s  
c o n s t a n t  f o r  a g iven  graph. F igu res  7, 8, 9 a n d  10 d e p i c t  such  p l o t s .  
The c h i e f  va lue  of such a p l o t  i s  that i t  immediately d e f i n e s  the  
and c o n t r a s t  on t h e  same graph f o r  g iven  contours  of  n - i k .  
range of n a n d  k va lues  which the me ta l  f i l m  must have t o  provide  a 
g iven  c o n t r a s t  and Tmax, 
t h e  r a t i o  d / h  i s  0.20. 
t h i n n e s t  me ta l  f i l m  which we can evapora t e  i s  about  lOOA i n  th i ckness .  
This means tha t  a t  s h o r t  wavelengths as f o r  example a t  SOOA i n  t h e  
extreme u l t r a v i o l e t ,  d / A  must be g r e a t e r  than 0.20, We see  from 
For  example, suppose that  we determine that  
This might be d i c t a t e d  by t h e  f a c t  that  t h e  
F igure  10  that  i f  we s p e c i f y  t h a t  Tmax must be 10% and t h e  c o n t r a s t  
be 100 or g r e a t e r , f t h e  
t Lat- 
n o f  the meta l  can  be 0.8 or g r e a t e r  and 
that  the k must be g r e a t e r  than 3.0. Thus i t  i s  p o s s i b l e  t o  examine 
t h e  measured o p t i c a l  c o n s t a n t s  of a c t u a l  meta ls  and see  i f  t h e y  
could be  u t i l i z e d  i n  a "1-M" f i l t e r .  
PART I1 
Experimental  Program 
OPTICAL MONITORING AT 1849A 
The mercury d i scha rge  lamp which emi t s  t h e  1849A r a d i a t i o n  has been 
i n s t a l l e d  i n  t h e  b e l l  jar  i n  which we d e p o s i t  the thin f i l m s .  W i t h  
t h i s  source we monitor  the  o p t i c a l  t h i c k n e s s  of the c r y o l i t e  and 
thorium f l u o r i d e  f i l m s  as t h e y  are  b e i n g  depos i t ed .  The des ign  o f  
this f i l t e r  i s  q u i t e  s i m i l a r  t o  t he  1 - M  f i l t e r  which i s  used a t  2536A. 
We e x c i t e  t he  lamp w i t h  400 cps  from an Invar-Behlman i n v e r t e r .  
T h i s  i n v e r t e r  conve r t s  from maimpower t o  a v a r i a b l e  f requency  o u t -  
p u t  a t  a power o u t p u t  of  150 va. A s e t  of "1-M" f i l t e r s  a t  the 18498 
wavelength have been evapora ted .  The t r a n s m i s s i o n  i n  t h e  wavelength 
r e g i o n  above l9OOA has been measured on the Cary model 14 s p e c t r o -  
photometer.  We a r e  p r e p a r i n g  t o  measure t h e  t r a n s m i t t a n c e  below 
19008 and a r e  c o n s t r u c t i n g  the necessary  h o l d e r s  which w i l l  move t h e  
f i l t e r s  i n  and o u t  of t h e  e x i t  beams of  a vacuum monochromator which 
i s  loaned  t o  us by D r .  Kenneth Teegarden. 
RAPID SHUTTERING OF THE ALUNINUM 
As has been po in ted  o u t  i n  previous  r e p o r t s ,  i t  i s  necessa ry  t o  
d e p o s i t  t h e  aluminum f i l m  q u i t e  r a p i d l y  - the 3OOA t h i c k  f i l m  should 
be d e p o s i t e d  i n  a few seconds and i t s  t h i c k n e s s  should be c o n t r o l l e d  
a t  an t i ~ e a ~ ~ c y  of  a t  l e a s t  10%. 
s t r u c t e d  an e l ec t romechan ica l  s h u t t e r .  I t  c o n s i s t s  o f  a r o t a r y  
s o l i n o i d  which i s  l tpotted' l  i n s i d e  a vacuum t i g h t  can. The p o t t i n g  
i s  impor t an t  f o r  two reasons .  F i r s t ,  i t  p r e v e n t s  the high-vapor 
To accomplish t h i s ,  we have con- 
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p re s su re  i n s u l a t i o n  m a t e r i a l s  f r o m  contaminat ing  the  vacuum. Second, 
the i n d u c t i v e  "kick" of t h e  so l ino id  c u r r e n t  causes  t h e  v o l t a g e  
a c r o s s  the  s o l i n o i d  t o  r i s e  t o  l a r g e  va lues  when i t  i s  tu rned  on 
a n d  o f f .  This h i g h  vo l t age  can  cause a l o c a l  glow d i scha rge  i n  the 
gas  sur rounding  t h e  s o l i n o i d ,  provided t h e  gas  p r e s s u r e  i s  i n  the 
micron range.  
ELECTRONIC SYSTEM FOR THE AUTOMATIC SHUTTER 
The e l e c t r o n i c  system f o r  t he  automatic s h u t t e r  i s  designed t o  c l o s e  
t h e  s h u t t e r  a u t o m a t i c a l l y  when the t h i c k n e s s  of  t h e  aluminum a t ta ins  
a predetermined l e v e l .  I t  func t ions  as fol lows:  The t r a n s m i t t a n c e  
a t  2536A of a q u a r t z  p l a t e  i s  measured as an aluminum f i l m  i s  d e -  
p o s i t e d  upon i t s  s u r f a c e .  As the t r a n s m i t t a n c e  dec reases ,  t h e  o u t -  
p u t  from t h e  p h o t o m u l t i p l i e r  which i s  moni tor ing  the  2536A r a d i -  
a t i o n  a l s o  dec reases .  When t h e  t r a n s m i t t a n c e  drops t o  a predetermined 
l e v e l ,  t h e  e l e c t r o n i c  system "fires" a power t r a n s i s t o r  which i n  
t u r n  c l o s e s  t h e  s o l i n o i d  s h u t t e r .  This e l e c t r o n i c  system has been 
des igaed  and c o n s t r u c t e d .  We are  i n  t h e  p rocess  of  checking it  ou t  
a n d  c a l i b r a t i n g  i t .  
PER SO "EL 
D r .  P h i l i p  Baumeister  worked 35% dur ing  t h e  academic y e a r  
and s i x  weeks a t  f u l l  time dur ing  the  
summer. 
D r .  V .  R.  C o s t i c h  worked  one-half  time as a Graduate 
Research Assistant u n t i l  he r ece ived  
his Ph.D degree i n  June, 1965. 
M r .  Duncan Brown worked  as a f u l l - t i m e  e l e c t r o n i c  
t e c h n i c i a n  from February t o  June. 
M r .  Cyrus Markley Worked as a f u l l - t i m e  e l e c t r o n i c  
t e c h n i c i a n  from June 1 t o  August 30. 
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CAPTIONS TO THE FIGURES: 
1. The des ign  of a "1-M" f i l t e r ,  showing the  meta l  f i l m  surrounded 
on e i t h e r  s i d e  by a d i e l e c t r i c  s t ack .  The admit tance,  Y, i s  
measured a t  the  i n t e r f a c e  between the  meta l  f i l m  a n d  t h e  d i -  
I e l e c t r i c  s t ack .  
2. The measured t r ansmi t t ance  o f  a "1-M" f i l t e r ,  showing the  para-  
meters  which c h a r a c t e r i z e  the performance of t he  f i l t e r ,  such 
a s  Tma, band-width "Q", and c o n t r a s t .  
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